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BINNING OF THREE DIMENSIONAL 
SEISMIC DATA 

BACKGROUND 

The invention involves the acquisition and processing of 
three dimensional (3D) seismic data, and, in particular, the 
acquisition and processing of seismic data using a sampling 
grid. 

Three dimensional seismic exploration of the earth’s 
terrestrial and marine subsurface is used in the exploration, 
production, and development of hydrocarbons. In seismic 
exploration, underground geological structures are illumi 
nated and imaged With sound energy. The basic components 
of a surface seismic exploration system Would include a 
source (e.g., a dynamite explosion or airgun sounding) on 
the earth’s surface and a receiver on the surface. The source 
generates sound Waves to be re?ected from a subsurface 
structure and the receiver receives and records the upWardly 
re?ected sound energy. Data from the seismic experiment 
are recorded in the form of a seismic trace, i.e., a record of 
the re?ected sound events received at the surface receiver 
over a period of time. The image of the subsurface is 
constructed by processing the re?ected energy from many of 
these seismic traces. 

In “prestack imaging,” seismic traces from single source 
receiver pairs are processed individually. In “poststack 
imaging,” on the other hand, data from many single source 
receiver pairs are combined by stacking (summing) before 
processing to increase the signal-to-noise ratio and to reduce 
the number of seismic traces that must be processed. The 
traces are ?rst grouped into “common midpoint gathers” and 
then operations such as Normal Movement (“NMO”) and 
Dip Moveout (“DMO”) are performed. A midpoint is 
de?ned as the surface location halfWay betWeen a trace’s 
source and receiver. 

After NMO and DMO stacking, source and receiver 
locations are considered identical and equal to the midpoint 
location. HoWever, because of obstructions, irregular 
topography, feathered cables at sea, etc., even the most 
careful planning for recording groups of traces generally 
does not result in traces Which share exactly the same 
midpoint. To accommodate these midpoint variations, 3D 
seismic exploration uses a layout of sources and receivers in 
a regular geometric con?guration. For example, a regular 
tWo-dimensional grid, traditionally rectangular or square, is 
superimposed on the earth’s surface. The midpoints betWeen 
each source and receiver pair are assigned to the nearest grid 
point and surrounding cell or bin. This process is termed 
“binning”. With binning, a piece of data With an analog 
position (i.e., acquired at an analog position in a coordinate 
system) is assigned to the nearest point on a sampling raster 
or regular array (e.g., to a gridpoint or a grid cell center 
point) that can be processed by a digital computer. The siZe 
of the grid cell is determined by the spatial sampling criteria 
in such a Way that the geological objectives of the survey are 
met. Bin siZe is determined by the source spacing and 
receiver spacing (interval betWeen consecutive sources and 
consecutive receivers). There is an inverse relation betWeen 
the bin siZe and the cost of the survey for acquisition and 
processing. 
An example layout of sources (source stations) 124 and 

receivers (receiver stations) 108 in a regular geometric 
con?guration is shoWn in FIG. 1A. Using such a 
con?guration, three-dimensional acquisition systems for 
seismic exploration (cable surveys) on land, in transition 
Zones (areas betWeen land and deep Water), and in the sea are 
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2 
similar. One or more receiver cable lines 102 and one or 
more source cable lines 112 are usually used to form the 
source and receiver layout. The source lines 112 may be 
perpendicular to the receiver lines 102, or they may be 
parallel to, or at a particular diagonal angle to, the receiver 
lines 102 (not shoWn). 

FIG. 1B shoWs a regular grid 111 (e.g., a rectangular or 
square grid) superimposed on the regular geometric con 
?guration of the sources 124 and receivers 108 of FIG. 1A. 
The regular grid 111 de?nes individual bins 114. 

For example, the 3D acquisition geometry provided by 
the con?guration of FIG. 1A is determined by the folloWing 
setup or knoWn parameters: receiver station 108 (-to-station 
108 distance) interval, source station 124 (-to-station 124 
distance) interval, receiver line 102 (-to-line 102 distance) 
interval, source line 112 (-to-line 112 distance) interval, and 
receiver spread (number of receiver lines 102 and receiver 
stations 108 active at any given time). These ?ve parameters 
depend on: bin siZe, maximum offset (the maximum distance 
betWeen a source and an active receiver), minimum offset, 
fold (hoW many samples are going to be put into a bin), 
offset distribution (e.g., mostly near or mostly far) and 
aZimuth distribution (e.g., all sources and receivers are lined 
up along a north and south direction or for different angles 
through the bins). 
The bin siZe of the bins 114 de?ned in FIG. 1B (referred 

to by the spacings, “Axbin”, “Amt-n”) in both the perpendicu 
lar x and y directions is dictated by the spatial sampling 
requirements that are functions of the seismic resolution 
requested or needed to properly interpret the seismic data. 
As shoWn in FIG. 1B, the receiver station 108 spacing 

interval, Ar, and the bin 114 spacing in the receiver line 102 
(see FIG. 1A) direction, Axbin, may be related by: Axbin= 
Ar/Z. The source station 124 interval, As, and the bin 114 siZe 
in the source line 112 (see FIG. 1A) direction, Aybin, may be 
related by: Aybin=As/2. With grid 111 and these relationships 
betWeen Axbin and Ar and Aybin and As, the locations of the 
midpoints betWeen each source 124 and receiver 108 Will be 
at the center of bins 114, for example, at bin center grid 
points 110 in FIG. 1B (not all bin center gridpoints 110 are 
shoWn in FIG. 1B). 

SUMMARY 

The invention features the use of a hexagonal sampling 
grid in binning seismic survey data. Advantages of a hex 
agonal sampling grid versus a rectangular sampling grid 
may include: reducing the number of samples required 
Without jeopardizing the sampling requirements; reducing 
the number of seismic traces required to be processed; and 
providing more ef?cient and more accurate processing meth 
ods With data being binned in a hexagonal grid. 

In general, in one aspect, the invention features a method 
of associating seismic data With hexagonal bins to aid in 
processing the seismic data. The method may include: 
mapping sample data onto a nonorthogonal coordinate grid 
on Which different types of polygonal bins are constructed; 
determining into Which type of polygonal bin the sample 
data are allotted; and associating the allotted hexagonal bin 
With a corresponding one of the other bins. 

In general, in another aspect, the invention features an 
apparatus for binning sample data. The apparatus may 
include: a memory storing logic used for binning the sample 
data; and a processor Which operates under control of the 
logic to: (1) map the sample data onto a nonorthogonal 
coordinate grid on Which may be constructed different types 
of parallelogram bins and hexagonal bins, (2) determine into 



5,963,879 
3 

Which type of parallelogram bin the sample data are allotted, 
and (3) associate the allotted parallelogram bin With a 
corresponding one of the hexagonal bins. 

In general, in another aspect, the invention features a 
method of con?guring sources and receivers for collecting 
sample data. The method may include: aligning receivers in 
a parallel series of linear arrays, the receivers being spaced 
at approximately the same interval along each linear array; 
aligning sources in a parallel series of paired linear arrays 
perpendicular to the receiver arrays, the sources in one 
member array of each pair being staggered With respect to 
the sources of the other member array of the same pair; and 
de?ning a nonorthogonal coordinate grid With gridpoints 
representing the midpoint betWeen each source and receiver 
based on the positions of each source and receiver. 

Other features and advantages of the invention Will be 
apparent from the folloWing description, including the 
draWings, and from the claims. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1A shoWs a knoWn three dimensional acquisition 
geometry for land, transition Zone, and ocean bottom cable 
surveys With source lines perpendicular to receiver lines. 

FIG. 1B shoWs a regular grid superimposed on the regular 
geometric con?guration of sources and receivers in FIG. 1A. 

FIG. 2 shoWs a computer system in accordance With an 
embodiment of the invention. 

FIGS. 3A and 3B shoW knoWn square and regular hex 
agonal grids. 

FIG. 4 shoWs axes (y1, y2, y3) of a coordinate system 
required for unique speci?cation of hexagonal bins in accor 
dance With an embodiment of the invention. 

FIG. 5 shoWs a ?oWchart in accordance With an embodi 
ment of the invention. 

FIG. 6 shoWs a three dimensional acquisition geometry 
for a hexagonal grid con?guration for land, transition Zone, 
and ocean bottom cable surveys in accordance With an 
embodiment of the invention. 

DETAILED DESCRIPTION 

The invention provides a method and apparatus for 
acquiring and processing 3D seismic data, for example, data 
from a 3D seismic survey, using a hexagonal sampling grid. 
The method and apparatus group seismic traces into hex 
agonal bins de?ned by a hexagonal grid instead of into 
rectangular bins de?ned by a rectangular grid. The method 
and apparatus may be described for square and regular 
hexagonal grids, but are applicable to rectangles and hexa 
gons of any shape. Use of hexagonal bins instead of rect 
angular bins improves both ef?ciency and symmetry. Hex 
agonal grids require 13.4% to 25% feWer grid points than 
rectangular grids for sampling circularly bandlimited, tWo 
dimensional signals. Hexagonal grids also offer 50% more 
symmetry than rectangular grids, leading to more accurate 
digital operators and calculations. 

The cost of a 3D survey is de?ned by the bin siZe and, 
consequently, the receiver and source individual station 
interval. Because hexagonal binning requires feWer grid 
points than rectangular (square) binning, for practical 
applications, the source or receiver interval may be 
increased, Which may help reduce the survey cost. 

Before discussing the method further, reference is made to 
FIG. 2 Which shoWs a computer system 100 con?gured in 
accordance With an embodiment of the invention. Computer 
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4 
system 100 comprises a central processor (CPU) 120 
coupled to a display 110, a keyboard 130, a memory 140, 
and input/output (I/O) devices 150. Display 110 may be a 
computer monitor or equivalent device for displaying infor 
mation associated With input or output information (e.g., 
seismic information) to a user. Keyboard 130 may be a 
computer keyboard for the user to input information to the 
computer system 100. Memory 140 stores instructions 145 
Which are used to instruct the CPU 120 to carry out 
processes in accordance With embodiments of the invention 
including, for example, instructions related to the steps 
shoWn in FIG. 5 beloW. Memory 140 comprises a computer 
readable memory medium Which may be volatile or non 
volatile memory, or a combination of both, for example, a 
hard disk, a ?oppy disk, a CD-ROM, magnetic storage, 
optical storage, RAM including DRAM, ?ash memory, 
registers, or any other appropriate storage medium. I/O 
devices 150 represent a communication device or a combi 
nation of communication devices (e.g., a modem, ISDN 
adapter, telephone lines, Wireless services) or other infor 
mation propagating or telecommunications devices or 
media, used for reception or transmission of sample data or 
processed data. The I/O devices 150 may also be used for 
receiving or transmitting instructions in accordance With an 
embodiment of the invention to be stored or retrieved from 
the memory 140. 

RECTANGULAR VERSUS HEXAGONAL 
GRIDS 

FIGS. 3A and 3B shoW a square grid 11 superimposed on 
an orthogonal coordinate system 13 (x1,x2) and a regular 
hexagonal grid 21 superimposed on a nonorthogonal coor 
dinate system 23 (n1,n2), respectively. In FIG. 3A, the 
horiZontal and vertical gridpoint 10 (here these are bin 
center gridpoints Which form grid 110 in FIG. 1A) spacings 
are labeled as Axlbin and Ax2bin, respectively, With the 
square bin 14 (similar to bins 114 in FIG. 1A) siZe equal to 
the product Ax1bin*Ax2bl-n. In FIG. 3B, the horiZontal and 
vertical gridpoint 20 (here these are bin center gridpoints 
Which form grid 21) spacings are labeled as Anlbin, and 
An2bin, respectively, With a hexagonal bin 34 siZe equal to 
An1bin*An2bl-n. Bin locations may be speci?ed on the tWo 
grids by counting bins along their axes to form integer pairs, 
for example, (x1bin,x2bin) and (n1 bin,n2bin), respectively. For 
example, in FIGS. 3A and 3B, the square grid shoWs a 
square bin at (5,10) and the hexagonal grid shoWs a hex 
agonal bin at (10,5). 

For the rectangular grid in FIG. 3A, data samples 12 (i.e., 
source/receiver midpoints located at particular x1,x2 space 
coordinates relative to the x1, x2 axes) may be “binned” 
(assigned) to polygonal bins 14. The binning is done using 
tWo comparisons or divisions: 

M1,,” |x1| (1) 
x1 + - — 

x1,” = INTEGER[#], AX] bin 

and 

M2,,” |x2| (2) 
x2 + - — 

X2,” = INTEGEElA]. AXZbin 

In Eqs. 1 and 2, “Integer()” is an operation Which rounds 
the ?oating point argument doWn to an integer value. This 
operation is necessary because bin numbers and subsequent 
bin arithmetic are integer. In Eqs. 1 and 2, Ax1 bin and Ax2bin 
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are the bin 14 spacings along x1 and x2, respectively. It may 
be expected that there is a cost savings in performing the 
comparisons expressed in Eqs. 1 and 2 rather than using an 
alternative approach of searching for the nearest midpoint to 
the data. 

Data can be binned into parallelogram bins on a hexago 
nal grid With tWo similar comparisons or divisions, but for 
hexagonal bins the algorithm is more complicated. Because 
the bins have three pairs of parallel edges, three axes are 
required for three comparisons. FIG. 4 shoWs the axes 
(y1,y2,y3) required for uniquely assigning random mid 
points to hexagonal bins. 

In the method, it is assumed that the data 22 has been 
translated and rotated onto the (x1,x2) coordinate system as 
pictured in FIG. 4. Under control of instructions 145 from 
the memory 140, the CPU 120 bins data 22 ?rst into 
parallelogram bins 24 (24a, 24b, 24c) on the hexagonal grid 
21 With tWo comparisons or divisions similar to What Was 
discussed above. Samples 22 are assigned to parallelogram 
bins 24 de?ned by y1 and y2 coordinates, and then these 
parallelogram bins are associated With hexagonal bins 34 as 
Will be described beloW in reference to FIG. 5. 

Three types of parallelogram bins 24 are distinguishable 
in FIG. 4: parallelogram bins 24a (type 0) Which lie in the 
bottom left of the hexagonal bins 34; parallelogram bins 24b 
(type 2) Which lie in the top right of the hexagonal bins 34; 
and parallelogram bins 24c (type 1) Which are split betWeen 
tWo diagonally adjacent hexagonal bins 34. The ?rst tWo 
types of parallelogram bins 24 (24a, 24b) require only the y1 
and y2 axes for association With hexagonal bins 34. The 
third type (24c) requires all three y1, y2, and y3 axes. 

Referring to FIGS. 4 and 5, in a method in accordance 
With an embodiment of the invention, instructions 145 
control the CPU 120 to start With data 22 in the x1,x2 
orthogonal coordinate system. The midpoint sample 22 is 
mapped (e.g., projected) 320 onto the y1 and y2 nonorthogo 
nal coordinate system axes, e.g., for 6=61=62=63=60°. The 
projection is done by setting, for example, y1=x1, y2=x1 cos 
6+x2 sin (6) Where 6=61=60°=the angle betWeen the y1 and 
y2 axes (FIG. 3). The sample 22 is then assigned 330 to one 
of the parallelogram bins 24a, 24b, or 24c using (i.e., the 
correct parallelogram bin 24a, 24b, or 24c is determined 
from): 

] (3) |y1| 
1 1+ —] 

yIbin : Intege y + y 

] (4) 

AyIbt-n 2 

In Eqs. 3 and 4, ylbin and y2bin are the bin labels or 
identi?ers, y1 and y2 are the coordinates of the sample 22 in 
the y1,y2 axes system, Ay1 bin and Ay2bin are the siZes of the 
parallelogram bins along the y1 and y2 axes directions, and 
Ay1bin=Ay2bin=05An1bin With Anlbin being the siZe of the 
particular hexagonal bin 34 along the y1(n1) axis. The 
hexagonal bins 34 are divided in half because this enables 
the hexagonal bins 34 to be divided into the parallelogram 
bins 24a, 24b, and 24c. As illustrated in FIG. 4, numerical 
labeling of the parallelogram bins 24 along the y1, y2, and 
y3 axes starts from 1 and increases in the positive direction 
along each axis. Labeling also starts from 0 and decreases in 
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6 
the negative direction. This labeling is arbitrary and the 
parallelogram bins are not centered on the coordinate grid 
points 20 and not necessarily on the sample points 22. For 
a ?xed Ylbin, the parallelogram bins 24 cycle through the 
three types for increasing y2bin. For example, the cycle 
progresses from type 0 parallelogram bin 24a to type 1 bin 
24b, and then to type 2 bin 24c, and so on. Determining the 
parallelogram type (0, 1, or 2) requires ?nding Where the 
(y1bin,y2bin) parallelogram falls in this cycle. This may be 
done by referencing (see Eq. 7 beloW) the parallelogram bin 
24, for example, to a knoWn type 0 parallelogram bin (24a). 
If the parallelogram bin 24 is type 0 (24a) 350, then for a 
given y1 bin roW: 

(5) 
yZbin : 

Where % is the remainder operator for integer arithmetic: 

Consequently, the parallelogram bin 24 type is given by 

Where y2U is the y2bi” of Eq. 5. 

The parallelograms bins are then assigned 360 to particu 
lar hexagonal bins 34. For type 0 parallelogram bins 24a, the 
corresponding hexagonal bin 34 is de?ned by: 

(7) 

n] in 
b 2 3 

and 

The hexagonal bins 34 are numbered 0 along the n1 and n2 
axes, i.e., n1bin=0 for hexagons With centers on the n1 axis 
and n2bin=0 for hexagons With centers on the n2 axis. 
On the other hand, if the parallelogram bin 24 is 350 a 

type 2 parallelogram bin 24b, then the corresponding hex 
agonal bin 34 is de?ned by 

ylbin + (|y1bin| % 2) yZbin _ yZo _ 2 (1O) 
"1 bin = i + i 

2 3 

and 

(11) 
3 

If, hoWever, the (y1bin,y2bin) parallelogram bin 24 is 370 
a type 1 parallelogram bin 24c, the parallelogram bin 24 
must be subdivided 385 into triangles (26a, 26b), to deter 
mine the corresponding hexagonal bin 34 as discussed 
beloW. OtherWise, if the type of parallelogram bin is not 
indicated to be 0, 1, or 2, an error occurs 380. Assuming 
there is no error and the type is type 1, the original x1,x2) 
coordinates of the sample data 22 are ?rst projected 390 onto 
the third axis, y3, using: 

y3=x2 sin 6-x1 cos (6), (12) 

Where, for example, 6=61=60° for a regular hexagonal grid, 
although the method is applicable to non-regular hexagonal 
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grids and bins. Then, the sample data 22 are binned 400 (i.e., 
the y3bin number is determined) using: 

A313 bin 2 

(13) 

Where Ay3bin=0.5An1bl-n. Ay3bin is the spacing of the paral 
lelogram bin along the y3 axis. 

For subdividing into triangles Within the parallelogram 
bins 24 (type 1), there are tWo types of triangles that may be 
de?ned: triangles 26a of triangle type 0 Which lie in the 
upper left corner of the hexagonal bin 34, and triangles 26b 
of triangle type 1 Which lie in the loWer right corner. As 
before for parallelogram type, identifying the triangle type 
requires referencing 410 y3bin to a knoWn triangle type. For 
each y1 bin roW, the triangle is of type 0 (triangle 26a) if: 

31-72-1 y3bin: (W bm| 2 ) y bin +1, (14) 

and the triangle type is: 

Where y3U is the y3bi” of Eq. 14. For both triangle types 0 and 1, the hexagonal 

bin 34 number or identi?er nlbi” for the bin center gridpoint is: 

(15) 

For type 0 triangles, the hexagonal bin 34 number nZbZ-n for 
the bin center gridpoint is: 

(17) 
3 

for type 1 triangles, it is: 

(13) 
3 

Therefore, once the triangle of the parallelogram 24c is 
determined to be either type 0 (26a) or 1 (26b), the triangle 
is associated or identi?ed 420 With the correct hexagonal bin 
34. The result is that the sample data 22 is binned in the 
correct hexagonal bin 34 for use in further seismic analysis 
of the stacked common midpoint gathers (data 22). In 
accordance With other embodiments of the invention, the 
above process is completely applicable to bin sample data 22 
to nonregular hexagonal bins de?ned for axes at angles other 
than 6=61=62=63=60°. 

Regular hexagonal sampling and square (rectangular) 
sampling With comparable spatial Nyquist frequencies (see 
FIGS. 3A and 3B) differ in bin siZe and bin center locations. 
The receiver station interval (i.e., the distance betWeen 
receivers) determines the rectangular bin siZe in the in-line 
receiver direction, and the source station interval de?nes the 
bin siZe in the cross-line direction. For the square grid (e.g., 
bin 14 of FIG. 3A) the bin siZe is Axlbin in the A1 axis 
direction and Ax2bin in the x2 axis direction, and Ax1bin= 
Ax2bin. For the regular hexagonal grid (e.g., bin 34 of FIGS. 
3B and 4) hoWever, the bin siZe is An1 bin in the y1 (n1) axis 
direction and AnZbZ-n in the vertical direction betWeen grid 
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points (i.e., in the direction perpendicular to the y1 (n1) 
axis), An2bin=Ax1bW and An1bin=(2/\/3)An2bin (for 0=60°). 
Thus, for the regular hexagonal grid, the distance betWeen 
bin midpoints in one direction may approximately equal the 
square grid midpoint interval (e.g., Ax1 bin) but in the other 
direction, the distance betWeen bin midpoints may be 
approximately 1.15 (2/\/3z1.15) times larger. Because the 
gridpoint interval in one direction for a hexagonal bin is 
larger versus a rectangular bin, the number of gridpoints 
may be reduced. Larger bins around these feWer gridpoints 
relate directly to the cost of the survey because the source 
interval or the receiver interval can be increased, and, 
consequently, the number of receivers or the number of 
sources can be decreased. 

Bin center locations for a square grid are vertically and 
horiZontally aligned in regular roWs and columns (see FIG. 
3A). Bin center locations in adjacent roWs and columns for 
a hexagonal grid, hoWever, are offset vertically and hori 
Zontally because alternate roWs and columns are identical, 
but odd-numbered roWs and columns are shifted horiZon 
tally by one-half sample interval With respect to even 
numbered roWs and columns, respectively (see FIG. 3B). 

Referring to FIG. 6, in accordance With an embodiment of 
the invention, a 3D acquisition con?guration for acquiring 
data for a hexagonal grid 200 similar to that described above 
(i.e., similar to grid 21 of FIGS. 3B and 4) may be generated 
in the folloWing Way: TWo receiver lines 202 and 204 are 
laid out With a cross-line separation 206 of, for example, 
approximately 404.04 meters (“m”). The receiver station 
(receiver) 208 interval 210 is, for example, approximately 
100 m. Source lines 212, 214, 216, and 218 are laid out 
perpendicular to the receiver lines 202 and 204 With inter 
vals 220 and 222 betWeen lines 212 and 216 and lines 214 
and 218, respectively. Intervals 220 and 222 are, for 
example, approximately 400 m (a multiple of receiver 
station 208 interval 210). Source stations (sources) 224 are 
separated by a source station 224 interval 226 of, for 
example, approximately 57.72 m in the in-line direction 228 
and staggered by a source station 224 stagger interval 230 
of, for example, approximately 50 m. The staggering is in 
the in-line 228 and source station 224 cross-line 232 (y) 
directions in order to cover the Whole survey area. The 
gridpoints 201 (similar to bin center gridpoints 20 of FIGS. 
3B and 4) are shoWn as Well in FIG. 6 Which are the ideal 
common midpoint locations. HoWever, for real data 234 
(e.g., sample data 22) the common midpoints Will not alWays 
fall on the gridpoints 201. Rather, some may be offset, and 
yet binning of the samples 234 (similar to samples 22 of 
FIGS. 3B and 4) Will still be possible to bins 34, as discussed 
above (FIG. 6 only shoWs one of the hexagonal bins 34 for 
simplicity of the draWings although more could have been 
indicated as in FIG. 4). This con?guration of the receivers 
208 and sources 224 Will generate the hexagonal bin 34 siZes 
of 25 m (Anlbin) in the receiver 208 in-line direction (same 
as the direction 232) and 28.86 m (AnZbZ-n) in the receiver 
208 cross-line direction (same as the direction 228). This 
embodiment of the invention may be applied generically, 
i.e., the hexagonal binning can be applied for the binning of 
seismic data acquired on land, in the transition Zone, and in 
marine environments. Moreover, in accordance With 
embodiments of the invention, other acquisition con?gura 
tions of source lines and receiver lines could be used to 
generate a hexagonal grid like hexagonal grid 200. 

In accordance With an alternative embodiment of the 
invention, the positions in FIG. 6 of the receivers 208 and 
sources 224 may be reversed. This leads to What is termed 
“reciprocity”. In this case, reciprocity means that the grid 
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point 201 locations Will be the same as for the grid 200, and, 
therefore, binning of sample data 234 Will be quite similar 
to What Was described above. It may be desirable to lay out 
sources 224 and receivers 208 in the reciprocal arrangement 
due to environmental, economic, or other considerations or 
factors. 

Other embodiments are Within the scope of the following 
claims. 
What is claimed is: 
1. A method of associating seismic data With polygonal 

bins to aid in processing the seismic data, the method 
comprising: 

mapping sample data onto a nonorthogonal coordinate 
grid on Which different types of polygonal bins are 
constructed, 

determining into Which type of polygonal bin the sample 
data are allotted, and 

associating the allotted polygonal bin With a correspond 
ing one of the other bins. 

2. The method of claim 1, Wherein the associating com 
prises binning the sample data in the corresponding one of 
the other bins. 

3. The method of claim 1, Wherein the determining 
comprises determining if the allotted polygonal bin is one of 
a ?rst, a second, and a third type. 

4. The method of claim 3, further comprising, if the 
allotted polygonal bin is of the third type, 

mapping the sample data onto an axis of the nonorthogo 
nal coordinate grid, 

determining a bin number of the allotted polygonal bin 
associated With the axis, 

referencing the bin number to a known triangle type, and 
associating the triangle type With one of the different types 

of polygonal bins. 
5. The method of claim 4, Wherein the mapping comprises 

projecting the sample data onto the axis. 
6. The method of claim 1, Wherein the mapping comprises 

mapping onto a grid on Which different types of parallelo 
gram bins are constructed, Wherein the determining com 
prises determining into Which type of parallelogram bin the 
sample data are allotted, and Wherein the associating com 
prises associating the allotted parallelogram bin With the 
corresponding one of the other bins. 

7. The method of claim 1, Wherein the mapping comprises 
projecting the sample data onto the nonorthogonal coordi 
nate grid. 

8. The method of claim 1, Wherein the sample data are 
common midpoint data. 

9. The method of claim 1, Wherein the nonorthogonal 
coordinate grid comprises a hexagonal grid. 
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10. The method of claim 1, Wherein the mapping com 

prises mapping common midpoint data. 
11. An apparatus for binning sample data comprising: 
a memory storing logic used for binning the sample data, 

and 
a processor Which operates under control of the logic to: 
map the sample data onto a nonorthogonal coordinate 

grid on Which may be constructed different types of 
parallelogram bins and hexagonal bins, 

determine into Which type of parallelogram bin the 
sample data are allotted, and 

associate the allotted parallelogram bin With a corre 
sponding one of the hexagonal bins. 

12. The apparatus of claim 11, Wherein the sample data 
are seismic data. 

13. The apparatus of claim 11, Wherein the hexagonal bins 
are centered on gridpoints of the nonorthogonal coordinate 
grid. 

14. The apparatus of claim 11, Wherein the hexagonal bins 
are formed of regular hexagons. 

15. The apparatus of claim 11, Wherein the sample data 
are common midpoint data. 

16. The apparatus of claim 11, Wherein the processor is 
instructed to bin the sample data into hexagonal bins. 

17. The apparatus of claim 11, further comprising I/O 
devices Which communicate the sample data. 

18. A method of con?guring sources and receivers for 
collecting sample data, the method comprising: 

aligning receivers in a parallel series of linear arrays, the 
receivers being spaced at approximately the same inter 
val along each linear array, 

aligning sources in a parallel series of paired linear arrays 
perpendicular to the receiver arrays, the sources in one 
member array of each pair being staggered With respect 
to the sources of the other member array of the same 
pair, and 

de?ning a nonorthogonal coordinate grid With gridpoints 
representing the midpoint betWeen each source and 
receiver based on the positions of each source and 
receiver. 

19. The method of claim 18, Wherein the de?ning com 
prises de?ning a hexagonal grid. 

20. The method of claim 18, further comprising de?ning 
hexagonal bins based on the nonorthogonal coordinate grid. 

21. The method of claim 20, further comprising sending 
signals from the sources to the receivers Which are processed 
by binning in the hexagonal bins. 

22. The method of claim 18, further comprising forming 
a reciprocal con?guration of sources and receivers Which 
de?nes the same nonorthogonal coordinate grid. 

* * * * * 


